Purpose Informal caregivers play a critical role in the care of individuals who are aging or have disabilities and are at increased risk for poor health outcomes. This study sought to determine whether and to what extent: (1) global stress and health-related quality of life (HRQoL) differed between caregivers and non-caregivers; (2) global stress mediated the relationship between caregiving status and HRQoL; and (3) caregiver strain (i.e., stress attributable to caregiving) was associated with worse HRQoL after accounting for global stress. Methods Cross-sectional data were from the 2008-2010 Survey of the Health of Wisconsin, a representative sample of adults aged 21-74 years. Participants (n = 1,364) completed questionnaires about caregiving status, sociodemographics, global stress, and HRQoL. Staged generalized additive models assessed the impact of caregiving on HRQoL and the role of caregiver strain and global stress in this relationship. Results In the last 12 months, 17.2 % of the sample reported caregiving. Caregivers reported worse mental HRQoL than non-caregivers (b -1.88, p = 0.02); global stress mediated this relationship (p \ 0.01). Caregivers with the highest levels of strain reported worse mental and physical HRQoL (b -7.12, p \ 0.01), and caregivers with the lowest levels of strain reported better mental HRQoL (b 2.06, p = 0.01) than non-caregivers; these associations were attenuated by global stress (p \ 0.01). Conclusion Global stress, rather than caregiving per se, contributes to poor HRQoL among caregivers, above and beyond the effect of caregiving strain. Screening, monitoring, and reducing stress in multiple life domains presents an opportunity to improve HRQoL outcomes for caregivers.
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Introduction
Informal caregivers (those who provide unpaid care to a family member or friend with an illness or disability) play a critical role in the care of individuals who are aging or have a disability in the USA. However, informal caregiving puts caregivers at risk for a host of adverse health outcomes [1] [2] [3] [4] . With the aging of the US population and increases in the number of individuals with disabilities [5] [6] [7] , greater numbers of unpaid family members and friends who provide informal care will be at risk of poor health outcomes associated with caregiving. It is therefore vital to understand the pathways by which caregiving may adversely impact health in order to identify caregivers who may be at increased risk, and inform interventions and policies that will protect caregivers and their families.
Health-related quality of life (HRQoL) is an important measure of perceived health status shown to predict future morbidity and mortality [8] . Theory suggests that perceived stress may play a role in the development of poor HRQoL among caregivers [9, 10] . In a previous convenience sample, we found that symptoms of stress were critical mediators in the association between caring for a child with cancer and parental HRQoL, suggesting that stress may partially or completely account for differences in HRQoL between caregivers and non-caregivers [11] . However, to our knowledge, no such study has been conducted in a population-based sample. In addition, no previous studies have examined whether global stress accounts for differences in HRQoL between non-caregivers and caregivers reporting different levels of strain. Understanding the role of these two important factors in the development of poor HRQoL will be crucial to identifying high-risk caregivers and areas of intervention to improve the health and wellbeing of caregivers and their families.
This study therefore sought to determine the relationship between caregiver status and mental and physical HRQoL in a population-based sample of adults aged 21-74 years. Specifically, this study aimed to determine whether and to what extent (1) global stress and HRQoL differed between caregivers and non-caregivers; (2) global stress mediated the relationship between caregiving status and HRQoL; and (3) caregiver strain was associated with worse HRQoL, and whether this association remained after accounting for global stress (Fig. 1) . Findings from this study will provide evidence for the population-level impact of caregiving to inform interventions and policies aimed at improving the HRQoL of informal caregivers and their families.
Methods

Data source
This study used data from the 2008-2010 Survey of the Health of Wisconsin (SHOW). SHOW is an annual statewide survey of civilian non-institutionalized adults aged 21-74 years, representative of the state of Wisconsin. A detailed description of SHOW procedures is available elsewhere [12] . Briefly, participants were selected from a random sample of Wisconsin households using a two-stage cluster sampling approach. Participants completed face-toface interviews, self-administered questionnaires (SAQ), and a physical examination; data collected included detailed demographics; health history; lifestyle and household characteristics; measures of height, weight, and blood pressure; perceived stress, and HRQoL. For the present study, all participants who reported their informal caregiving status in the past 12 months were eligible (n = 1,364). This study was approved by the Health Sciences Institutional Review Board of the University of Wisconsin-Madison.
Measures
Independent variables
Identification of caregivers Informal caregivers in the SHOW were identified by the question: ''There are situations in which people provide regular unpaid care or assistance to a family member (including children) or a friend who has a long-term illness or a disability. In the past 12 months, did you provide any such care or Fig. 1 Conceptual model of the association between caregiving and health-related quality of life, by study aim. Using data from the Survey of the Health of Wisconsin, 2008-2010 (n = 1,364), this study aimed to determine whether and to what extent (1) global stress and HRQoL differed between caregivers and non-caregivers; (2) global stress mediated the relationship between caregiving status and HRQoL; and (3) caregiver strain was associated with worse HRQoL, and whether this association remained after accounting for global stress assistance to a family member or friend living with you or living elsewhere?'' This question has been used by the National Alliance for Caregiving and the AARP (formerly the American Association of Retired Persons) [13] since 1997 to track caregiving prevalence.
Caregiver strain A 12-item version of the Caregiver Strain Index [14] was used to evaluate perceived strain among caregivers and asked respondents whether 12 statements applied to them because of caregiving (e.g., ''It is inconvenient for you''); the number of items the respondent endorsed was summed (0-12). To facilitate comparison with non-caregivers, caregivers were then categorized as having low (0-2), middle-low (3-5), middle-high (6) (7) (8) , or high (9-12) strain based on approximate quartiles of strain, similar to other studies [15] . Cronbach's alpha in this sample was 0.81.
Dependent variables
Stress, mental HRQoL, and physical HRQoL were examined as dependent variables in this study. The Global Perceived Stress Scale (STS) from the Jackson Heart Study [16] was used to measure global stress over the last 12 months. The STS assesses perceptions of ongoing stressful conditions in eight broad domains: job, relationships, neighborhood, caring for others, legal problems, medical problems, racism/discrimination, and meeting basic needs. Participants rated each domain on a 4-point Likert scale (not stressful [0] to very stressful [3] ), and the items were summed to create an overall global stress score. Higher scores indicated greater stress.
The Short Form-12 (SF-12) version 2, a widely used measure of health status, was used to assess the overall mental and physical HRQoL of participants [17] . The SF-12 has eight subscales that were condensed into two summary scales: the physical health component score and the mental health component score, standardized to population norms with a mean of 50 and a standard deviation of 10. The testretest reliability for the summary scores is 0.89 and 0.76, respectively [17] . Higher scores indicated better HRQoL.
Covariates
Sociodemographic characteristics Participants selfreported their age, gender, race/ethnicity [white (non-Hispanic) vs. other], annual income, educational attainment, employment status (employed vs. unemployed in the past week), type of insurance (none, public, private, or mixed public/private), marital status (married/partnered, divorced/ widowed/separated, or never married), and the number of adults and children in the household. Participants reported their combined family income before taxes categorically (e.g., $25,000-$29,999). These were recoded to the midpoint to approximate a continuous measure; those in the highest-income category ($200,000 or more) were recoded to $392,396 by assuming a Pareto distribution of income [18] . Due to the skewed distribution, the natural log of income was used in the final analyses. Educational attainment was reported as the highest grade or level of school completed and recoded as years of education. Caregivers also reported the age and gender of the care recipient, their relationship with the care recipient (spouse, caregiver's parent, caregiver's child, or other friend or relative), distance from the recipient [co-resident (living in the same household), 0-20 min away, or more than 20 min away], and the care recipient's condition (dementia, recovery from surgery, injury, or acute illness, or other condition).
Lifestyle factors The lifestyle factors such as smoking (current, former, or never), alcohol consumption (nondrinker, moderate, or risky drinker), leisure time and transportation-related physical activity [recoded to metabolic equivalence of task minutes per week (MET-minutes)], and diet (fruit/vegetable consumption and percentage of calories from fat [19] ) were obtained via personal interview. Sleep quality (excellent/very good/ good vs. fair/poor), sleep problems, and sleep duration were self-reported by participants using the SAQ.
Health factors Respondents self-reported their history of 47 health conditions (Appendix A: Web Only). The number of health conditions participants endorsed was calculated. An inventory of the medications taken by the participant was conducted during the home interview using a standardized protocol [20] , and the total number of prescriptions taken in the past 30 days was calculated. Height and weight were measured during the examination visit, and body mass index (BMI) was calculated.
Analytic approach
All analyses were conducted in R 2.15.0 [21] , due to its flexibility and the availability of packages to conduct the analyses in this study. Multiple imputations with predictive mean matching and a donor-sampling weight of 0.2 were used to predict missing data [22] ; five imputations were conducted. Nonlinear transformations were allowed when predicting missing values of continuous variables with respect to all other variables in the imputation model. All analyses were conducted using the imputed datasets. Estimates and standard errors were combined using Rubin's rules [23] .
Caregiver and non-caregiver characteristics were compared using cross-tabulations with chi-squared tests and t tests. Generalized additive models (GAMs) with thin-plate regression splines [24] were constructed to determine how caregivers and non-caregivers differed in their stress, mental HRQoL, and physical HRQoL, controlling for sociodemographic covariates (Model 1). Income, education, and age were tested as nonlinear terms. Estimated degrees of freedom for nonlinear parameters were determined using generalized cross-validation [24] . Next, global stress was added to Model 1 as a nonlinear term (Model 2). The relationship between caregiver status and HRQoL was determined to be mediated by global stress if the regression coefficient for caregiver status was attenuated. Mediation was formally tested using Imai's causal mediation analysis approach [25] . These analyses were repeated with strain as the independent variable.
In order to account for the complex survey design, these models were then run using sampling weights. Nonlinear terms were included as natural cubic splines, with fixed degrees of freedom estimated from the GAMs and rounded to the nearest integer. The knots were evenly spaced throughout the distribution of the nonlinear terms. The effect size for the regression coefficient for caregiving was calculated by dividing the coefficient by the imputation and survey-weight adjusted standard deviation; effects of 0.2 are loosely considered small, 0.5 moderate, and 0.8 large effects [26] .
Sensitivity analyses
Sensitivity analyses were conducted to determine whether controlling for lifestyle and health factors influenced the results. For analyses including global stress in the past year, sensitivity analyses were conducted dropping those who had been caregivers for less than a year. Table 1 shows selected characteristics of caregivers and non-caregivers in the sample. Overall, 17.2 % of adults were caregivers (unweighted n = 264; weighted n = 637,199). On average, compared with non-caregivers, caregivers were older and were more likely to be women and unemployed in the past week. Caregivers were more likely to have been divorced, widowed, or separated, less likely to have never been married, and had fewer children in their household. In the unadjusted analyses, caregivers had greater stress (6.5 vs. 5.6, p = 0.02) and worse physical health (47.5 vs. 49.9, p = 0.01). Caregivers were also more likely to have smoked, took more prescription medications, and had a greater mean number of health conditions than non-caregivers. Care recipients ranged in age from infancy to 97 years (Table 2) , and 62 % were women; 15 % were spouses of the caregivers, 44 % were the caregiver's parent, and 13 % were the caregiver's child. Thirty-three percent of care recipients lived with the caregiver. The most prevalent condition or disability was dementia (15 %).
Results
Caregiver status, and stress and mental and physical HRQoL Weighted multivariable analyses revealed that caregivers had significantly greater global perceived stress in the last year than non-caregivers (b 1 1.11, p \ 0.001, effect size 0.28; Table 3 ). Table 4 Fig. 2A) . A formal test revealed that the attenuation was statistically significant, with 46 % of the association between caregiver status and mental HRQoL acting via mediation by stress (p mediation \ 0.01).
Caregivers overall did not differ from non-caregivers on physical HRQoL (b -0.16, p = 0.85). When global stress was added to the model, greater stress was significantly associated with worse physical HRQoL at low levels of stress (p \ 0.001; Fig. 2B ). This association leveled off at higher levels of stress.
Caregiver strain and mental and physical HRQoL
Caregivers with high levels of strain had worse mental HRQoL than non-caregivers, while those with low levels of strain had better mental HRQoL than non-caregivers (b -7.12, p \ 0.001, effect size 0.79 and b 2.06, p = 0.01, effect size 0.23, respectively; Table 4 ). Global stress significantly attenuated these relationships such that level of strain was no longer significantly associated with mental HRQoL (p attenuation \ 0.01). Further, greater stress was associated with worse mental HRQoL (p \ 0.001; Fig. 2C ).
Caregivers reporting high strain had significantly worse physical HRQoL than non-caregivers (b -4.23, p = 0.03, effect size 0.44). This effect was significantly attenuated by global stress such that level of strain was no longer significantly associated with physical HRQoL (p attenuation \ 0.01). Further, greater stress was associated with worse physical HRQoL at low levels of stress (p \ 0.001; Fig. 2D ). 
Sensitivity analyses
Sensitivity analyses revealed that controlling for lifestyle and health factors or limiting the analysis of global stress to those who had been caregivers for at least a year did not substantively influence the results (results not shown).
Discussion
To our knowledge, this is the first population-based study to provide evidence that stress mediates the association between caregiving and HRQoL. Overall, 17 % of adults in our sample were informal caregivers, somewhat lower than the national prevalence of caregivers aged 18 years and older (28.5 %) [13] . Caregivers had worse mental, but not physical, HRQoL than non-caregivers, confirming previous research [2, [27] [28] [29] . When levels of caregiver strain were examined, caregivers with the highest levels of strain reported worse mental and physical HRQoL. Further, caregivers with the lowest levels of caregiving strain reported better mental HRQoL than non-caregivers, mirroring the finds from Roth et al. [28] . These associations were attenuated after accounting for global stress. These findings highlight the role of global stress, in addition to caregiving-specific strain, in the development of poor HRQoL outcomes among caregivers, and indicate potential points of intervention for practice and policy. The role of global stress as a mediator in the development of poor caregiver mental HRQoL is particularly important, as this indicates a pathway by which caregiving may influence health. It is not the act of caregiving per se that negatively influences health, but the greater levels of global stress experienced by many caregivers. Importantly, this study clarifies that global stress may be an important factor in the development of poor HRQoL outcomes beyond the effect of caregiver strain, as strain did not exert a stronger influence on HRQoL than global stress. Indeed, follow-up analyses indicated that the attenuation effects in this study were driven by stress related to relationships, caring for others, legal problems, and/or medical problems. Reducing stress in these and other domains of a caregiver's life may therefore have an important and measurable impact on improving caregivers' HRQoL and subsequent health outcomes. This work has several important implications for practice, policy, and research. Clinically, this study reinforces the importance of screening and monitoring stress among caregivers and emphasizes the need for clinicians to consider both stress that is specific to caregiving and stress more globally. Expanding integrated care services [30] , for example, to address the needs of entire families including caregivers could serve to reduce caregiver stress and strain, improve HRQoL, and protect the health of both caregivers and those for whom they care. Social workers and community specialists, as well as peer support groups, may be important assets for connecting caregivers with resources and assistance that may help reduce their levels of stress both within and outside of their caregiving role. Further, given recent research suggesting that stress perceptions may influence the associations between stress and health [31, 32] , interventions aiming to encourage reassessment of stress as beneficial may prove important in improving health outcomes for caregivers and their families.
Policies supporting caregiver services and family-level care are also necessary, including those supporting the ability of clinicians to refer their patient's caregivers to health, mental health, and community services they may need, and receive reimbursement for such referrals. Although a variety of policies currently exist that aim to support caregivers, the findings from this study indicate that such policies may need to be expanded to support caregivers in other domains of their lives. For example, supporting paid time off or providing Employee Assistance Programs in the workplace, improving health literacy, or supporting child care services for family caregivers may prove successful in preventing declines in caregiver HRQoL. New innovative approaches and a paradigm shift that goes beyond the patient to consider adverse health effects on caregivers will be necessary to support caregivers in all life domains.
Finally, additional studies are needed to tease apart the complex relationships between caregiving-specific strain, global stress, and health outcomes. It is likely that caregiver strain and global stress are interrelated, such that an increase in one factor adversely influences the other. Further, stress and strain may act synergistically such that stress in various areas of life may compound the strain experienced due to caregiving. Longitudinal, populationbased research will be critical to understanding these relationships and determining the best points of intervention for improving caregiver outcomes. Future research is also necessary to determine whether interventions focusing on global stress, caregiving-specific factors, or a combination of both are most effective at improving caregiver health outcomes.
This study has several potential limitations. First, this was a cross-sectional study, and therefore the directionality This study also has several important strengths. This was the first population-based study to examine the role of stress as a mediator in the relationship between caregiving status and HRQoL. In addition, this was the first study of caregiving to use semiparametric statistical models to account for the nonlinear effects of sociodemographic characteristics on the relationship between caregiving and stress and health 
Conclusions
This study examined the HRQoL of caregivers compared with non-caregivers in the state of Wisconsin, and the role of global stress in this relationship. The findings suggest that stress, rather than caregiving per se, contributes to poor HRQoL among caregivers. Therefore, efforts to address stress may provide important intervention points for improving health among a growing number of caregivers nationwide. Importantly, this study also suggests that global stress may be an important factor in the development of poor HRQoL outcomes among caregivers, beyond the effect of caregiving strain or burden alone. Screening, monitoring, and reducing caregiver stress, both specific to the caregiving role and in other life domains, presents an important opportunity to improve HRQoL outcomes for caregivers and their families and offer opportunities for future population-level risk reduction, and health care savings for a number of adverse outcomes. are shaded pink for caregivers/high-strain caregivers and gray for non-caregivers. Global stress was measured using the Global Perceived Stress Scale; caregiver strain was measured using the Caregiver Strain Index; HRQoL was measured using the Short Form-12 version 2. HRQoL health-related quality of life. (Color figure  online) 
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